Various types of dietary supplements (DS) are popularly taken by young individuals. We surveyed 1,190 Korean senior high school third grade students for their DS use, motivational factors for this use, and potential dietary consequences of vitamin/mineral supplement (VMS) use. The use prevalence of DS-including VMS, tonic medicines, manufactured health food supplements, cordial food supplements, and drink rehabilitators-was 54%. VMS were taken most frequently, followed by tonic medicines and manufactured health food supplements. VMS use was highest in individuals who had a significant concern for their overall health and in those from families with a high socioeconomic level and with parental use of DS. Total daily study time of DS users was only slightly longer than that of nonusers. The VMS most frequently used were vitamin C and multivitamins. More than 46% of other DS users, and 58% of VMS users, had increased their intake of supplements during third grade relative to the previous year. VMS users had a more positive view of the potential health benefit of VMS than did nonusers. Vitamin and mineral intakes from VMS occurred over a wide range, with mean intakes typically exceeding the Korean and Canadian-U.S. Recommended Dietary Allowances. For a significant number of individuals, intakes of vitamin A, niacin, folic acid, vitamin C, calcium, iron, and zinc exceeded the Tolerable Upper Intake Levels. Given the widespread use of DS by older teenagers, the contribution of these supplements to their overall health and well-being is a subject that clearly merits additional study. 27 
INTRODUCTION D
IETARY SUPPLEMENTS (DS) are defined as vitamins and minerals, herbal products, tissue extracts, proteins and amino acids, and other products that are typically given in the form of a capsule, powder, soft gel, or tablet. 1 DS may be grouped into three broad categories related to dietary function or origin: (1) substances with established nutritional value, such as vitamins, essential minerals, amino acids, and fatty acids; (2) botanical products and their concentrates and extracts; and (3) other substances with a wide variety of origins and physiological roles. The third category includes substances such as pyruvate, steroid hormone precursors, and chondroitin sulfate. 1, 2 In Korea, DS are often categorized as vitamin/mineral supplements (VMS), tonic medicines, manufactured health food supplements, cordial food supplements, and drink rehabilitators for fatigue or promoting nutrition. 3 VMS typically include vitamin A, vitamin E, vitamin B-complex, vitamin C, multivitamins, calcium (Ca), iron (Fe), and multivitamins with mineral supplements. 4 In Korea, the tonic medicines (oriental herb medicines) include, as examples, ginseng and its products, young antler extracts, and fruit and pumpkin extracts. These extracts are often mixed with extracts of herbs used in traditional oriental medicines. In Korea, manufactured health food supplements are categorized into 25 types, including herb/botanical, fish oil, aloe, bee pollen, chitosan-containing foods, and bone meal. 5 The cordial food supplements include black goat extracts and dog extracts. The drink rehabilitators for fatigue are drink-type supplements containing vitamins, minerals, and ingredients for promoting energy.
In Korea, similar to the United States, DS are regulated as foods, rather than as drugs or as a third category of intermediate stage between foods and drugs. 6 Therefore, DS possess many features of both foods and drugs, with different supplements appearing more food-like, or drug-like, depending on their form, their composition, the label, the advertisement claims that are made for them, and the purposes for which they are used.
One of the biggest trends in the health care industry is that consumers are taking charge of their health, and they are seeking alternative forms of medicines, including DS, nutraceuticals, and functional foods. 7, 8 In Korea, individuals tend to focus on the use of DS, because they traditionally believe that foods can have medicinal effects similar to drugs. 5 In Western countries, a significant proportion of the population also regularly consume DS as part of their health regimen. [9] [10] [11] DS are often taken as part of a healthy lifestyle. The motivations for taking supplements can be varied and include ensuring nutritional adequacy, reducing one's risk for certain diseases and age-related changes, and enhancing physical performance. The scientific evidence to support these functions varies greatly from one supplement ingredient to another. 2 The use of DS has been increasing annually among most age groups for a variety of reasons, including a shift toward alternative and complementary medicines.
In Korea, VMS are the most frequently taken DS, followed by tonic medicines and manufactured health foods. 12 Similarly, VMS are the most common DS in Western societies, followed by natural/botanical foods. 13 In Korea, the most frequently selected VMS are vitamin C, multivitamins, and multivitamins with minerals, although the patterns of use of VMS differ according to demographic variables. In addition, it has been found that use of DS, excluding VMS, is significantly related to that of VMS: VMS users tend to take other types of DS more frequently than do nonusers. 4 Use of DS, including VMS, has been reported to be strongly affected by several general characteristics, including gender, residence, socioeconomic status, age, lifestyle patterns, and one's general concern about health. Generally, women, middle-and older-aged persons, large-city dwellers, and individuals in high socioeconomic groups take DS more frequently than their contrasting groups. 4, 14, 15 Individuals who have a high concern for health also tend to take DS more frequently, and it has been reported that positive lifestyle factors are associated with increased supplement usage. For example, nonsmokers and individuals who consume no alcohol or only moderate amounts of alcohol are more apt to use DS than are individuals who smoke or who consume large amounts of alcohol. 8, 14, 16 An individual's view about the health benefit of DS is recognized to be an important motivational factor for DS use. It has been reported that most users of VMS accept the concept that their use of the supplements gives them nutritional insurance, making them more healthy and increasing their pep and energy while reducing tiredness and stress. [17] [18] [19] It has been reported that most users of DS are well nourished and consume diets that are more nutrientdense (especially for nutrients contained in the supplements) than those of nonusers, meeting the majority of the Recommended Dietary Allowances (RDA) for micronutrients from diet alone. 16, 20, 21 Of particular relevance is the fact that many, but not all, DS have the potential to contribute significantly to the individual's intake of one or more nutrients. Indeed, for some this is the primary function of DS. In this regard, multivitamin/mineral supplements come readily to mind. Although some DS have a composition that is almost entirely made up of essential nutrients, they may be used by consumers for specific purposes that are independent of correcting perceived omissions in the diet. Examples include the use of zinc supplements for optimizing the immune system and the use of vitamin C for the treatment of colds. 6 One consequence of this approach is that the combined intakes of vitamins and minerals from the diet and from VMS can, in some cases, exceed the Dietary Reference Intakes (DRI) or the RDA. 14, 22 In an earlier study of Korean adolescents, we observed that the combined dietary and VMS intakes of vitamins A, B 1 , B 2 , and niacin, as well as Fe, were higher than the Korean RDA 23 by 150% to 3,100%. 17 Therefore, it can be argued that DS use may represent a risk, rather than a benefit, to some individuals. In theory, the overuse of vitamins and minerals from DS may lead to medical complications, including neurological disturbances, gastrointestinal symptoms, liver toxicity, birth defects, and interference with the effectiveness of certain drugs, depending on the type of nutrient that is ingested. 24 Such concerns represented one of the driving factors that resulted in the development of Tolerable Upper Intake Levels (ULs) for essential nutrients along with the recent Canadian-U.S. DRI. [25] [26] [27] [28] The ULs are thought to represent the intakes that exceed physiological requirements but do not in themselves represent a risk; however, consumption above these levels may be counterproductive. 25 In contrast to VMS, the nutrient intakes from other DS have not been well characterized, in part due to the lack of detailed compositional information on these products. Therefore, the health benefits, risks, and impacts of other DS, excluding VMS, on the net intake of certain essential nutrients by healthy subjects are yet to be evaluated in detail.
DS are targeted at specific population groups, including adolescents who have high demands for school performance. However, with the exception of adolescents engaged in athletics, DS use by this age group has not been well characterized in Korea or in most other countries. The prevalence of VMS use among athletic teenagers in Korea has been estimated at 36%, 22 and that by Korean teenagers as a whole at 31%. 17 We postulated that, in Korea, DS usage by senior high school third grade students may differ from that of younger-grade teenagers and other age groups, given the increased individual, as well as parental, concern for these youths due to the intense demands associated with studying for university entrance examinations.
This study was performed to assess the use of DS, including VMS, tonic medicines, manufactured health food supplements, cordial food supplements, and drink rehabilitators for fatigue or for promoting nutrition, according to general classifications applied in Korea, 3 in a population of senior high school (third grade) students who were 17 to 18 years of age. Information was collected on factors that might have contributed to changes in the use of DS during senior high school third grade, in comparison to the prior year. Data were collected concerning the impact of VMS on the net intake of certain essential nutrients, and these data were evaluated with respect to the Korean 23 and Canadian-U.S. RDA and the ULs. [25] [26] [27] [28] Relationships between VMS use, general characteristics, and health patterns were evaluated.
METHODS

Study subjects
The subjects of this study were selected by a stratified sampling method. Residences were divided into three strata (rural community, small city, and large city), based on the Korean government categorization based on population of inhabitants. A rural community is composed of a population of less than 100,000 inhabitants (mean, 85,000) and most adults have jobs related to agriculture. A small city is composed of a population of 100,000-1,000,000 inhabitants (mean, 300,000), and a large city has more than 1,000,000 inhabitants (mean, 3,500,000). The large city is typically considered to be the most modernized and industrialized stratum. 29 Sample areas were selected randomly from all provinces of Korea: three sites for rural communities, five for small cities, and six for large cities. One to four general senior high schools were randomly selected in each area, and one class of the third grade of each general senior high school was randomly selected for the subjects of the present study.
The population of teenagers in each stratum 29 at the beginning of the study (n 5 466,996) was multiplied by 0.43% to determine a sample size of 2,010 subjects. However, a total of 1,190 of the third grade students attending general senior high schools in Korea participated in this study; therefore, the ratio of actual sample size to total eligible subjects in the desirable age range was 0.25%. Some students selected at the beginning of the study were not included for the present study: 174 subjects declined to participate, and 646 did not completely fill out the questionnaire. The percentage of subjects who elected to participate in the study, relative to those selected for the study, was 91.3%, and the percentage of the subjects used in the final data analysis, relative to those who participated in the study, was 64.8%. A total of 122 subjects were from rural communities, 419 subjects from small cities, and 649 subjects from large cities. The age range was 17 to 18 years, and males and females were equally distributed in each stratum. The subjects were apparently healthy students based on their self-reports. According to students, they spent the majority of their spare time studying, with a mean daily study time of 15.0 6 2.0 hours, based on their self-reports and time schedule at school. This time period is considered typical in Korea for third grade students in general senior high schools who are preparing for their university entrance examination. The subjects were asked to respond to a self-administered questionnaire after oral instructions were provided directly by researchers, or by teachers of home economics who were trained by the researchers.
A pretest was conducted with 260 teenagers who lived in various small cities, large cities, and rural communities of Korea. The questionnaire was revised after the analysis of data from the pretest. Students who participated in the pretest were not included in the main study.
Questionnaire
The questionnaire was designed to examine the general characteristics of the subjects, their health patterns, their use of DS, and their nutritional beliefs about DS and VMS. The questionnaire was prepared based on previous reports. 4, 17, 19, 22 General Subject Characteristics. Information on age, sex, residence, and daily total study hours of subjects, concern about the school achievement of subjects by their parents, father's education level and occupation, and monthly family income was collected. The socioeconomic status of the family was classified as low, middle, or high by combining the factors of the father's education level and occupation and the family's monthly income (indexes generally used for determining the socioeconomic status of the family in Korea). For determining the socioeconomic status of the family, the father's education level and occupation and the family's monthly income were each divided into three categories. Each category was given 1, 2, or 3 points using methods previously described. 30, 31 When the points of these three categories were combined, the scores that ranged from 7 to 9 points (out of a maximum score of 9 points) were classified as "high"; scores of 5 and 6 were classified as "middle"; and scores of 3 or 4 points were classified as "low" socioeconomic status of family. 30 Degree of concern about the school achievement of the subjects by their parents was surveyed by a three-point Likert scale.
Health Patterns of Subjects. Concern regarding the growth and health of the subjects, as well as their consumption of balanced meals, were evaluated using a three-point Likert scale. Information was obtained on both the subjects' perception of themselves and their perception of their parents' concerns. Meal frequency; consumption of soda, coffee, alcohol, and cigarettes; and use of VMS by subjects and their parents were surveyed according to closed questions, and self-perceptions of health and stress of subjects were examined by a three-point Likert scale. Body weight and height of subjects were measured directly, and body mass index was calculated based on modified Broca's methods. 32 Other Dietary Supplement Use. Use of DS was examined by dividing the supplements into two categories: VMS and all other DS. A user of other DS was defined as an individual who used a DS other than VMS in the amount of more than one package within the previous 12-month period, based on the general classification used in Korea. 3 Use of other DS was examined by the list of brand names that are generally selected by Korean adolescents in order to examine the type used by the subjects.
Tonic medicines included oriental herbs and young antler, with or without fruit and vegetable extracts to strengthen vitality; these herbs, young antler, and fruit and vegetable tonic medicines contain vitamins, minerals, macronutrients, and other medical compounds. Manufactured health food supplements included various types of food such as fruit juice, pumpkin extract, green vegetable extract, dried cereal powder mixture with or without nuts, chitosan processed foods, mushroom processed foods with or without oriental herbs, aloe, royal jelly, honey, enzyme powders extracted from cereals, dietary fibers, fermented milk processed foods, seed oil, fish oil, propolis processed products, chlorella-containing foods, yeast products, dried seed (apricot seed, safflower seed) powders, fruit vinegar, herb tea, embryo bud products, protein foods, and seaweed extract foods. Cordial food supplements included folk medicines, black goat extracts with tonic medicines, and dog extracts with tonic medicines. Drink rehabilitators taken for fatigue or to promote nutrition contain various vitamins, minerals, and other nutraceuticals for supplementing some nutrients and enhancing pep and energy. Use of other DS, and changes in the amount of use of these supplements by subjects during the senior high school third year in comparison to the previous year, were surveyed.
Vitamin and Mineral Supplement Use.
In this study, a user of VMS was defined as a person who took VMS on more than 1 or 2 days per week for more than 1 month within the previous 12-month period. VMS such as vitamin A, vitamin E, vitamin C, multivitamins, Ca, Fe, and multivitamins with minerals were listed according to the brand names that are generally selected by Koreans 33 in order to examine the type of VMS taken by subjects or their parents. The period and frequency of VMS taken by subjects were evaluated. The subjects were asked, "Have you taken any vitamin or mineral supplements for more than 1 month in the previous 12-month period?" If the response was in the affirmative, they were requested to identify each VMS taken, and for each one two questions were asked: "How often did you take [product] during the previous year?" and "How much [product] did you take each time you took it?" The subjects were asked to identify the brand of the VMS used, because in Korea, as in other countries, there can be large interbrand variability. 34 , 35 Vitamin C supplements, for example, are widely available as both 100-mg and 1,000-mg tablets. 33 If the subjects took more than one type of VMS, they were asked to provide information for each VMS.
The average daily dosage of VMS was determined based on the self-records of subjects. Total vitamin and mineral intakes from the VMS were calculated 33, 36 and were compared with the Korean RDA 23 [25] [26] [27] were applied for these nutrients. Intakes were also compared with the 1997/1998/2000/2001 Canadian-U.S. RDA/AI and the UL levels. [25] [26] [27] [28] Some of the Korean and the Canadian-U.S. RDA/AI values were different according to the gender of the subjects; in these cases, the comparison of intakes with established standards was evaluated considering the gender of the subjects. The RDA, AI, and UL values are shown in Table 7 . Dietary essential nutrient intakes by the subjects in the present study were added to VMS intake levels in order to calculate combined nutrient intakes from the diet and VMS. Use of VMS and changes in the pattern of taking supplements by the subjects during senior high school third year in comparison to the prior year were also surveyed.
Nutritional Beliefs About Vitamin/Mineral Supplements. The subjects' views about VMS use and the health beliefs associated with this use were assessed to examine motivational factors related to VMS use in this population. Questions were designed based on previous studies. 19 Ten questions were used to evaluate the health beliefs of the subjects taking VMS regarding whether each type of VMS can prevent or treat cancer, cardiovascular disease, and osteoporosis. For this section, a five-point Likert scale was used, and responses were scored from 1 point (disagree very strongly) to 5 points (agree very strongly). The higher the score, the more the subject perceived that the vitamin or mineral supplement provided a specific health benefit.
Dietary survey
Daily nutrient intakes taken from the diet were assessed to compare users and nonusers of VMS. The subjects consisted of 30 female users and 30 female nonusers of VMS (males were excluded because, in general, they were less cooperative than the females for this part of the study). The female subjects were randomly chosen from subjects in the larger survey study, and they were asked to record all food intakes for two successive weekdays and one weekend day. They were trained on how to record foods, including details and recipes commonly used by subjects. The 24-hour recall method was used to cross-check the reported food intakes during the 3 days. If the food intakes during the surveyed period were markedly different from regular intakes (e.g., due to holiday), the surveying periods were extended until they were similar to regular days. The typical size of bowls used generally by Koreans, three-dimensional food models, and real snack foods that were chosen frequently by teenagers were used to assist the subjects in estimating the portions consumed, before the dietary survey was undertaken. A computer-aided nutritional program (CAN) developed by the Korean Nutrition Society, a tool generally used for showing pictures and analyzing the nutrient composition of several dishes popularly consumed by Koreans, was applied for the nutritional interview by trained nutritionists, and for the evaluation of dietary nutrient intakes. The intakes were compared with the Korean RDA 23 for females 17-18 years of age. The group of VMS users was analyzed for both combined nutrient intakes from diet and VMS and intakes from the diet alone.
Statistical analysis
Frequency, mean and standard deviation (SD) were calculated, and the t test was used to compare the scores of users and nonusers of VMS on each nutritional belief and on daily total study time. The reliability of data concerning nutritional beliefs collected from the pretest was calculated to be 0.75 by Cronbach's alpha, indicating a high internal consistency across the nutritional belief statements. Therefore, the belief statements for VMS use of the pretest were also used for the present study.
The x 2 -test was applied to find the relationship between the use of other DS (excluding VMS) and that of VMS. The x 2 -test was also used to examine the relationship between general characteristics, health patterns of subjects, and VMS use of subjects. The F test was conducted on nutrient intakes, and the least significant difference (LSD) test was used to compare the differences among groups (P , .05).
Statistical analyses were carried out using the Statistical Package for Social Science (SPSS, version 10.0) and StatView 4.1 (Abacus Concepts, Inc., Berkeley, CA) program packages.
RESULTS
Of the 1,190 subjects studied, males and females were evenly distributed. The subjects who lived in rural communities formed 10.3%, those in small cities 35.2%, and those in large cities 54.5%, of the study population. When classified by socioeconomic status of the family, 12.6% of the subjects were in the lower class; the numbers of subjects in the middle and higher socioeconomic classes were similar.
The usage rate of other DS was high in these subjects. More than 40% had used other DS (at least one kind of tonic medicine, manufactured health food supplement, cordial food supplement, or drink rehabilitator) in the amount of more than one package during the previous 12 month-period, as shown in Table 1 . The use frequency of whole DS including VMS was 54.1%.
The frequency of taking tonic medicines (P , .001), manufactured health food supplements (P , .001), cordial food supplements (P , .01), and drink rehabilitators for fatigue (P , .001) was higher among the users than among nonusers of VMS. Approximately 46% of the subjects indicated that they had increased their intake of other DS during senior high school third year in comparison to the previous year, and 10% indicated they had decreased their use. The subjects who had increased the amount of other DS were more frequently users than nonusers of VMS (P , .01).
Relationships between general characteristics and VMS use are shown in Table 2 . More than 36.0% of the subjects reported that they had used VMS continually at least 1 or 2 days per week for more than 1 month within the previous 12 months. The prevalence of VMS use was not influenced by gender or residence. Subjects in the high socioeconomic group used VMS more frequently than those in the low or middle socioeconomic group (P , .001).
Factors that significantly affected VMS use are shown in Table 3 . Expressed concern about the growth and health of the subjects by their DIETARY SUPPLEMENT USE BY ADOLESCENTS 33 a Number of subjects (percentage of subtotal within same column). b A user of vitamin/mineral supplements was defined as a person who took vitamin/mineral supplements at least 1 to 2 days/week for more than 1 month within the previous 12 months for subjects.
c A user of other nutritional supplements (other DS) was defined as a person who took tonic medicines, manufactured health food supplements, cordial food supplements, and drink rehabilitators for fatigue or promoting nutrition other than vitamin/mineral supplements, at an amount greater than one package within the previous 12 months. d Tonic medicines include oriental herbs, ginseng and its products (e.g., ginseng extracts, ginseng powder tablet, sliced sweetened ginseng, ginseng powder mixture with honey, ginseng extracts with tonic medicines), young antler extracts with tonic medicines, and fruit and/or pumpkin extracts with tonic medicines.
e Manufactured health food supplements include fruit (grape, pear, apple, ume) extracts, pumpkin extracts, green vegetable extracts, dried cereal powder mixture with or without nuts, chitosan processed food, mushroom processed food with or without oriental herbs, aloe, royal jelly, honey, enzyme powder extracted from cereals, pollen processed food, dietary fibers, fermented milk processed foods, seed oil (embryo bud oil, grape seed oil, pumpkin seed oil), fish oil, propolis processed products, chlorella-containing food, yeast products, dried seed (apricot seed, safflower seed) powder, fruit vinegar, herb tea, embryo bud products, protein food, and seaweed extract food.
f Cordial food supplements include folk medicines, black goat extracts with tonic medicines, and dog extracts with tonic medicines.
g Drink rehabilitators for fatigue or for promotion of nutrition (e.g., Baccus, Won B, Kuronsan, Youngbichon) contained various vitamins, minerals, and functional foods for supplementing some nutrients and enhancing pep and energy.
parents was significantly higher for VMS users than for nonusers (P , .05). Concern about having a balanced diet by the subjects themselves (P , .01) and by their mothers (P , .001) was significantly higher for VMS users than for nonusers. VMS use by parents was higher for VMS users than for nonusers (P , .001). The frequency of drinking coffee (P , .05) and the ratio of ex-drinkers of alcohol (P , .01) were higher among VMS users than among nonusers. Daily total study time of VMS users was significantly longer than that of nonusers (P , .001).
Factors that did not significantly influence VMS use are shown in Table 4 . Concern about school achievement, self-perception of health and stress, smoking status, body mass index, skipping of breakfast and lunch, and frequency of drinking sodas did not relate to VMS use.
The type and frequency of VMS taken by users are shown in Table 5 . Vitamin C supplements were used by the highest number of subjects, followed by multivitamins and multivitamins with minerals. The usage rates of vitamin A, Ca, and Fe supplements were similar, and vitamin E supplements were consumed at a low frequency. The type of VMS generally chosen tended to be different according to gender. Vitamin E, vitamin C, and Fe supplements and multivitamins with minerals were more preferred by female users, whereas multivitamin supplements were more often taken by male users of VMS (P , .001). However, vitamin A and Ca supplements were almost equally adopted by both genders (data not shown). Most kinds of supplements were taken on a daily basis (78.0-93.7%), but Ca supplements were taken more frequently than the other supplements. Users obtained 12 kinds of vitamins and 12 kinds of minerals from VMS consumed. Vitamin B 2 , vitamin B 6 , and vitamin C were the most frequently ingested nutrients from VMS, each being used by more than 86% of the group. Mineral intake from VMS was low (,11%) (data not shown).
Nutritional beliefs related to VMS use are shown in Table 6 . The degree of perception of a "relationship between VMS use and a reduced risk for certain chronic diseases including cancer, cardiovascular disease, and osteoporosis" was more positive among VMS users than among nonusers (P , .001). Table 7 . Most nutrient intakes from VMS were compared with the Korean RDA, 23 although those of vitamin B 12 and pantothenic acid were compared with the 1998 Canadian-U.S. RDA/ AI 25 a Number of subjects (percentage of subtotal within same column). b Socioeconomic status of the family was determined by combining the father's education level and occupation with the monthly family income. 30, 31 age intake being 2,453 6 13,538% of the Canadian-U.S. RDA. 25 More than 8.2% of vitamin B 12 users had intakes at 1,000-143,100% of the Canadian-U.S. RDA; the maximum intake of vitamin B 12 was the highest among the nutrients. The standard deviation for vitamin B 12 intake from VMS was very large because there were large variations in the dosage of different VMS formulations.
Nutrient intakes from VMS are presented in
Similar to vitamin B 12 , vitamin B 1 was consumed in large amounts (2,315 6 2,073% of the Korean RDA). The average intakes of vitamin E, vitamin B 2 , vitamin B 6 , niacin, pantothenic acid, vitamin C, and Fe were also high, with amounts ranging from 300% to 1,200% of the Korean 23 or Canadian-U.S. RDA. 25 In the case of vitamin C, more than 24.4% of vitamin C users had intakes of vitamin C that were DIETARY SUPPLEMENT USE BY ADOLESCENTS 35 1,000-2,000% of the Korean RDA, and 18.5% of them had intakes that were 2,000-9,800% of the Korean RDA. More than 25.0% of Fe users had intakes at 1,000-9,900% of the Korean RDA. The average intakes of vitamin D, Ca, Mg, and Se were lower than the Korean RDA.
Several users had intakes of specific nutrients from VMS that greatly exceeded the ULs. [25] [26] [27] [28] This was particularly evident for the intakes of vitamin A, vitamin B 6 , niacin, folic acid, vitamin C, Ca, Fe, and Zn from VMS. The percentage of users who exceeded the ULs was particularly high for niacin (65.8%) and Fe (62.5%).
Combined nutrient intakes from diet and VMS, and the corresponding percentages of the Korean RDA 23 are shown in Table 8 . Intakes of energy, protein, vitamins, and essential minerals from the diet were similar between users and nonusers of VMS; the intakes of these nutrients were similar to, or greater than, the Korean RDA, except for energy, vitamin A, vitamin B 2 , Ca, and Fe. When the nutrient intakes from the diet were combined with intakes from VMS, intakes of vitamin A, vitamin B 1 , vitamin B 2 , niacin, vitamin C, and Fe exceeded by several times the Korean RDA; the intakes of these KIM ET AL. 36 a Calculated using the data from subjects (n 5 428) who used one or more vitamin/mineral supplements. Some individuals used more than one type of supplement. Data are shown as number of users (percentage of total users taking each specific vitamin/mineral supplement).
b Percentage of total users taking more than one kind of vitamin/mineral supplements (n 5 428).
Vitamin supplements Mineral supplements
nutrients by users were significantly higher than those of nonusers of VMS (P , .05).
DISCUSSION
In this study, the overall frequency of use for DS, including VMS, by the subjects was 54.1% during the previous 12-month period. This fact implies that a large proportion of senior high school third grade students in Korea take some form of DS, a finding that is in agreement with reports for this age group in other countries. [9] [10] [11] These data support the concept that consumers are increasingly taking charge of their health and seeking alternative forms of medicines. The frequency of VMS use was the highest, followed by use of tonic medicines, manufactured health food supplements, drink rehabilitators, and cordial food supplements. These results show that although VMS are clearly the most popular type of DS among young Koreans, there is also a widespread belief in the use of tonic medicines such as young antler, ginseng, and herb medicines. 22 The popular use of VMS among the subjects is probably related to the wide advertisement, convenient use, easy purchase, and low price of VMS. However, the trends of DS use can be significantly influenced by marketing strategies and by reports on the efficacy and safety of various DS. Currently, the use of tonic medicines and manufactured health food supplements is increasing annually among the Koreans because of popular perceptions regarding their efficacy as alternatives to conventional medical therapy, particularly for certain diseases. Consistent with previous findings, 22 the frequency of use of other (non-VMS) DS was higher among VMS users than among nonusers of VMS.
More than 45.6% of users of other DS had increased their amount of supplement use during senior high school third year in comparison to the previous year. There was considerable variability in the types of other DS used, with more than 50 different brands being listed. This fact shows that diverse items of DS are produced in Korea. VMS were taken by 36% of the subjects surveyed for more than 1 month during the previous 12-month period, a frequency of use that is higher than the 31% value reported for younger Korean teenagers. 17 Those who started to take VMS in senior high school third grade comprised 47.0% of total users of VMS, and 17.7% of users increased the kinds of VMS taken during senior high school third grade in comparison to the previous year. Those who increased the amount of VMS consumption during the third year made up 58.2% of users of VMS (data not shown).
The high use of DS by subjects in this study is probably related to the fact that the majority of these students were engaged in an intense DIETARY SUPPLEMENT USE BY ADOLESCENTS 37 a A five-point Likert scale was used, with scores ranging from 1 (disagree very strongly) to 5 (agree very strongly).
Values are shown as mean 6 SD. level of study for their upcoming university entrance examinations. Complementing the students' own perception that they needed additional nutrients, the parents of individuals who used supplements also seemed to have the belief that DS could be useful for reducing the fatigue associated with preparing for these examinations. In our investigation, the mean study time was very long for both users (15.0 6 1.7 hours/day) and nonusers (14.3 6 2.2 hours/day) of VMS (P , .001). These results support previous observations that DS are frequently consumed as a means of health maintenance and improvement in school achievement. 37 Because senior high school third grade students, and their parents, have a high concern for health and school achievement, they are apt to seek methods to improve these factors. In this regard, multiple DS may be used, even though there is a paucity of information concerning their composition, efficacy, and safety. 38 In general, there is a dearth of data showing that DS are effective for enhancing school performance and health. The level of controversy on these quality issues can vary according to the type of the DS used and the individual pattern of use. For protection of the health of DS users, comprehensive clinical research is clearly needed on the efficacy and toxicity of the active ingredients in DS. 9 Therapeutic and restorative claims of DS should be scientifically assessed within all targeted audiences, and standardization of DS should be enforced.
In the current study, gender did not influence the use of VMS, a finding in contrast to other reports that the frequency of VMS is often higher in women than in men. 4, 8, 17 There was a positive association between use of VMS and socioeconomic status of the family. Strong socioeconomic associations with supplement use have also been noted by others, with the highest use being among those with high income and education level. 14,15,39 Higher con-DIETARY SUPPLEMENT USE BY ADOLESCENTS 39 cern for the growth, health, and balanced nutrition of subjects by their parents was also related to higher use of VMS; this result is similar to previous reports that VMS use by adolescents is motivated, in part, by the level of overall concern expressed by parents on issues of nutrition and health. 40 The frequency of drinking coffee was higher among VMS users than among nonusers, an observation that might reflect the perception that coffee can be viewed as a health beverage by some populations. The frequency of being an ex-drinker of alcohol was also higher among VMS users, a result that parallels previous findings that DS users have positive attitudes regarding their health. 8, 14 Consistent with previous findings, 15,37 the use frequency of VMS by subjects was positively associated with that of their parents. However, concern regarding the school achievement of subjects by their parents, degree of stress perceived by subjects, and concern regarding the health of subjects by themselves did not influence VMS use. This result may be related to the fact that these are common issues among senior high school third grade students, or the results between users and nonusers of VMS may have been similar because the subjects in both groups were apparently healthy and were under intense stress prior to taking the university entrance examination.
The most frequently adopted VMS was vitamin C, followed by multivitamins; similar trends have been observed by others. 17, 22 Mineral supplements, such as Ca and Fe, were used less often than vitamin supplements, a finding consistent with previous reports. 4 The preferred type of VMS was different according to gender, as in a previous report 13 ; this result shows that the rationale and results obtained through VMS use vary according to gender of the subjects. VMS users obtained 12 kinds of vitamins and 12 kinds of minerals from VMS, because VMS users selected supplements containing a mixture of several vitamins and minerals. Of the vitamins, vitamin B 2 was ingested by most users, and vitamin B 6 and vitamin C were also frequently consumed. This result is primarily due to the fact that the most popular supplement, vitamin C, typically was formulated with vitamin B 2 and vitamin B 6 . 33 The nutritional beliefs the subjects had concerning VMS were an important motivational factor for their use of supplements. VMS users had a more positive view of supplements with respect to their potential ability to delay the onset, or progression, of certain chronic diseases than did nonusers. Others have reported similar findings. 18, 19 Although there was a wide range of intakes, the mean intakes of vitamins and minerals from VMS were often higher than the RDA. Relative to the RDA, vitamin intakes tended to be higher than mineral intakes; intakes of vitamins B 1 , B 12 , and C and Fe were particularly high, being 980-2,500% of the Korean 23 or the Canadian-U.S. RDA. 25 These results are consistent with those of other reports. 22, 40 In selected cases, the intakes of vitamin A, vitamin B 6 , niacin, folic acid, vitamin C, Ca, Fe, and Zn from VMS by some users were excessive based on the ULs. [25] [26] [27] [28] This may be an area of concern, because the excessive intake of some vitamins and minerals may trigger adverse effects. In the case of vitamin A, 8% of vitamin A users had intakes that exceeded the UL (2,800 mg/day) 28 for this vitamin. The more commonly recognized signs and symptoms of chronic toxicity of vitamin A include skeletal abnormalities, alopecia, headache, weight loss, vomiting, and hepatomegaly. 28 More than 66% of niacin users had intakes that exceeded the UL (30 mg/day) 25 for this vitamin. Adverse effects that are associated with the overconsumption of niacin include potential flushing at an oral dose of 30-1,000 mg/day and vomiting and symptoms of liver toxicity at intakes higher than 3,000 mg/day. 25 For some subjects, the level of niacin intake was in the range associated with the flushing symptom. Approximately 19% of folic acid users had intakes that exceeded the UL for this vitamin (800 mg/ day). 25 Excessive folate intake may precipitate, or exacerbate, vitamin B 12 deficiency neuropathy. 25 High doses of vitamin C have been proposed to pose a health risk , including gastrointestinal disturbances, increased oxalate excretion and kidney stone formation, prooxidant effects, increased iron absorption leading to iron overload, and reduced vitamin B 12 and copper status. High doses of vitamin C have also been proposed to pose some risk including hyperuricosuria and hyperoxaluria in healthy people. 27 More than 12% of vitamin C users in our study had intakes that exceeded the UL for this nutrient (1,800 mg/day). 27 More than 4% of Ca users had intakes that exceeded the UL for Ca (2,500 mg/day). 26 Excessive Ca intake has been reported to be associated with kidney stone formation, the syndrome of hypercalcemia and renal insufficiency with and without alkalosis, and an interaction with the absorption of other essential minerals. 26 Fe intakes were also excessive in some users; more than 63% of Fe users had Fe intakes that exceeded the UL for this mineral (45 mg/day). 28 Excessive Fe intake may result in excessive tissue Fe stores, which in turn may result in an increased risk for tissue oxidative damage. 28 Finally, almost 7% of the Zn users had intakes that exceeded the UL for this nutrient (34 mg/day). 28 Adverse effects associated with chronic intake of supplemental Zn include a suppression of immune response, decrease in high-density lipoprotein (HDL) cholesterol, and reduced copper status. 28 Collectively, these results underscore the need for educational programs to inform individuals of all ages on the potential risks that can arise from the overuse of supplements, even when they are composed of essential nutrients.
For the subset of students who were studied, the dietary nutrient intakes of VMS users and nonusers were similar, and most intakes were approximately equal to, or greater than, the Korean RDA, 23 with the exceptions of energy, vitamin B 2 , Ca, and Fe. In general, supplement users have been reported to consume more nutrient-dense diets (especially for nutrients contained in supplements). 20, 21 When the intakes of nutrients from the diet were combined with those from VMS, vitamin A, vitamin B 1 , vitamin B 2 , niacin, vitamin C, Ca, and Fe intakes were higher than the Korean RDAs by 104-2,850%; these intakes significantly exceeded those of nonusers of VMS (P , .05).
These results suggest that VMS users are a group that does not need supplements to meet the majority of the RDA. However, the intakes of vitamin A, vitamin B 2 , Ca, and Fe from the diet alone were on the low side, and the use of VMS significantly increased the number of subjects who had intakes equal to or greater than the Korean RDA for these nutrients.
CONCLUSION
A high percentage of Korean senior high school third grade students take DS, including VMS. Significant links between VMS use, general characteristics, health patterns, and nutritional beliefs concerning VMS can be documented. The use of other DS except VMS is significantly related to the use of VMS. The combined nutrient intakes from VMS in many cases exceed the ULs that have recently been established for several nutrients. The long-term positive, as well as potential negative, health consequences of DS use by this population merit further study. Future studies aimed at the health effects of dietary supplements other than standard VMS are needed.
